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Derivation of a Pcif1 gene trap allele. To  investigate  the role of 
Pcif1 in vivo, we generated mice from an ES cell clone containing 
Figure 1
Pcif1 and Cul3 target Pdx1 for ubiquitination. (A) HEK293T cells were transfected with the indicated plasmids and treated with vehicle or MG-132 
for 4 hours before harvest. Western blots probed for Pdx1, Flag (Cul3 and Pcif1), and Tubulin (loading control). (B–D) HEK293T cells transfected 
with the indicated plasmids prior to immunoprecipitation with IgG or anti-Myc–coupled agarose. Western blots probed for HA (Pdx1). Brackets 
indicate ubiquitinated Pdx1.
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Increased Pdx1 accumulation and stability in Pcif1-deficient Min6 β cells and embryonic pancreas. (A–C) Min6 cells nucleofected with control 
nontargeting shRNA (shNT) or shPcif1. (A) Pcif1 transcript measured by QPCR and normalized to Hprt. n = 3, **P < 0.01. (B) Western blot 
probed for Pdx1 and tubulin (loading control). (C) Transcript levels of Pdx1 transcriptional targets MafA and Glut2. n = 3, **P < 0.01. (D) Min6 
cells expressing shNT or shPcif1, treated with the translation inhibitor cyclohexamide (CHX) and harvested at the time points indicated. Western 
blots are probed for Pdx1 and Ran (loading control). (E) Min6 cells overexpressing Cul3 and nontargeting shRNA or shPcif1 were treated with 
vehicle or 20 μM LLnL for 8 hours. Western blots are probed for Pdx1 (left) and ubiquitin (right). (F) Fluorescence staining of E16.5 embryos with 
dilute Pdx1 antibody. Original magnification ×10. (G) β Cell area of E18.5 embryos. n = 6, **P < 0.01 compared with Pcif1+/+.
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Pcif1 regulates Pdx1 protein accumulation and Pdx1 tar-
get gene expression in primary mouse islets. (A) Western 
blot of islets isolated from individual mice, probed for Pdx1. 
(B) Quantification of Western blots of islet protein extracts, 
normalized to loading control. n = 4, *P < 0.05. (C) Pdx1 
and Pcif1 transcript levels in isolated mouse islets. n = 5–8, 
*P < 0.05, **P < 0.01 compared with wild-type. (D) Insulin 
transcript level in mouse islets. n = 5–8, **P < 0.01.
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ous knockdown of Pcif1 restored Pdx1 protein to control levels 
and prevented caspase-12 cleavage (Figure 6B).

























Pcif1 heterozygosity normalizes 
β cell mass in Pdx1+/– mice. (A) 
Representative images of insulin- 
and glucagon-stained adult pan-
creas sections. Original magnifica-
tion ×20. (B) Quantification of β cell 
mass. n = 7–10 mice per group; 
*P < 0.05 compared with wild-type. 
(C) Islet size distribution. n = 7–9 
mice per group;*P < 0.05, **P < 0.01 
compared with wild-type.
Figure 5
Normalized β cell mass is mediated by improved survival in Pcif1+/gtPdx1+/– mice. (A) Apoptosis measured by quantifying insulin- and TUNEL-
copositive cells. (B) β Cell replication measured by quantifying insulin and BrdU double positive cells. (C) β Cell size calculated by dividing insu-
lin-positive islet area by the number of DAPI-stained nuclei counted within that area. All morphometric analyses performed on pancreas sections 
from 16-week-old male mice. n = 5–8 per group; *P < 0.05, **P < 0.01 compared with wild-type.
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Pcif1 deficiency improves ER homeostasis in Pdx1-deficient β cells. 
(A) Bip mRNA levels as a measure of ER stress in isolated islets, nor-
malized to Hprt. n = 7 per group; *P < 0.05 compared with wild-type. 
(B) Western blot for Pdx1 and the ER-resident caspase-12 after Pcif1 
or Pdx1 knockdown in Min6 cells.
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Pcif1 heterozygosity improves glucose 
homeostasis and β cell function in 
Pdx1+/– mice. (A) Intraperitoneal glucose 
tolerance of male mice (7–8 weeks old). 
n = 6–9 per group; P < 0.05, Pdx1+/– ver-
sus Pcif1+/gtPdx1+/–, by ANOVA. (B) 
Intraperitoneal glucose tolerance of 
female mice (10–12 weeks old). n = 6–11 
per group; P < 0.001, Pdx1+/– versus 
Pcif1+/gtPdx1+/– by ANOVA. (C) Insulin 
tolerance of male mice (8–9 weeks old). 
P = NS for all groups. (D) Insulin toler-
ance of female mice (11–13 weeks old). 
P = NS for all groups. (E) Acute glucose-
stimulated insulin secretion calculated as 
AUC for 15 minutes after glucose bolus 
(12-week-old male mice). n = 7–12 per 
group, *P < 0.05, **P < 0.01. (F) Glucose-
stimulated insulin secretion during static 
incubations of isolated islets from 6- to 
8-week-old male mice. Insulin secretion 
values were normalized to islet insulin 
content and expressed as fold stimula-
tion. n = 3–6 mice per group, *P < 0.05.
Figure 8
Posttranscriptional regulation of Pdx1 protein level by glucose. (A) 
Western blot of lysates from Min6 cells maintained in 5.5 or 25 mM 
glucose, expressing nontargeting shRNA or shPCIF1. Blots are probed 
for Pdx1 and Ran (loading control). (B) Western blot of lysates from 
HEK293T cells maintained in 5.5 or 25 mM glucose, expressing Pdx1 
in the presence or absence of overexpressed Pcif1 and Cul3. Blots 
are probed for Pdx1 and Ran. (C) HEK293T cells maintained in 5.5 or 
25 mM glucose, transfected with plasmids expressing Pdx1 and Flag-
Pcif1, and subjected to immunoprecipitation with IgG or Pdx1 antisera. 
Western blots are probed for Pdx1 or Flag (Pcif1). Arrow indicates 
migration of Flag-Pcif1; asterisk indicates heavy chain IgG signal.
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